Purpose In this study, we aimed to investigate serum and follicular fluid amyloid A protein levels in non-obese nonhyperandrogenic patients with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization (IVF) and IVF outcome. Methods A total of 81 patients undergoing IVF treatment, 41 patients diagnosed as PCOS according to the Rotterdam criteria (group I) and 40 patients with the etiology of male factor infertility (group II), were included in the study. On the day of oocyte pickup, serum and follicular fluid samples were collected from all patients. Results Serum E2 level on the day of hCG (2849.93±541.54 vs. 2494.28±712.98) and total number of retrieved oocytes (13.73±3.57 vs. 10.53±4.07) were significantly higher in group I when compared to group II (p<0.05). However, number of mature oocytes, fertilization rate, and clinical pregnancy rate did not differ (p>0.05). No significant difference was found between two groups regarding the serum and follicular fluid amyloid A protein levels on the day of oocyte retrieval (p>0.05).
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 5-10 % of women of reproductive age [1] . It is defined as a pro-inflammatory state characterized by menstrual irregularities and hyperandrogenism [2] . Patients with PCOS are usually obese (40-70 %) contributing to insulin resistance, dyslipidemia, and risk of cardiovascular disease [2, 3] . Adipose tissue is thought to play a key role in endocrine and metabolic control, creating a range of adipokines into the circulation, many of which increase inflammation [4] . Serum concentrations of high-sensitive C-reactive protein (hs-CRP), interleukin-18, monocyte chemoattractant protein-1 (MCP-1), and macrophage inflammatory protein-1a (MIP-1a) are found to be elevated in PCOS [5, 6] .
Inflammatory proteins stimulate or inhibit cell growth, regulate cell differentiation, induce cell chemotaxis, and modulate the expression of other cytokines. Cytokine function in the ovary has been demonstrated as promoting processes of follicular growth, steroidogenesis, recruitment, and activation of leukocytes necessary for ovulation and tissue remodeling during ovulation, luteinization, and luteolysis [6] . Some of the cytokines such as interleukin (IL)-12 influence oocyte fertilization and embryo quality, while others, such as IL-1, IL-8, and IL-18 were found to be correlated successfully with pregnancy rate in IVF treatment [7] [8] [9] . On the other hand, tumor necrosis factor (TNF)-alpha elevation and higher CRP levels may be correlated with an increased risk of IVF failure [10, 11] .
Recently, serum amyloid-associated (AA) protein was proposed as an inflammatory marker that might be more specific to PCOS-related inflammation [9] . Few authors researched the relation between PCOS and serum AA protein documenting different results with increased serum levels in PCOS [2, 12, 13] or no difference with the controls [1] . Up to our knowledge, there is only one report in the literature studying the levels of AA protein in follicular fluid (FF) of women undergoing controlled ovarian stimulation for in vitro fertilization [14] . Therefore in this study, we aimed to investigate serum and follicular fluid levels of AA protein in nonhyperandrogenic, non-obese patients with PCOS.
Materials and methods

Study subjects and data collection
The study was performed in the assisted reproduction clinic of a tertiary research and education hospital between April 2014 and August 2014. A total of 81 patients, 41 non-obese, and non-hyperandrogenic patients diagnosed as PCOS according to the Rotterdam consisting the study group (group I) and 40 patients diagnosed as male factor infertility as the control group (group II), were recruited for the study. Exclusion criteria were as follows: (1) patients with the evidence of clinical hyperandrogenemia and (2) body mass index (BMI)> 30 kg/m 2 . The exclusion criteria were designated in order to exclude the effects of BMI and insulin resistance on serum and FF AA levels [1, 12, 13] . This study was approved by the institutional review board of the hospital. Written informed consent was obtained from all patients.
In vitro fertilization stimulation
All patients underwent a GnRH agonist long luteal downregulation protocol with the administration of the GnRH agonist leuprolide acetate (Lucrin, Abbot, Turkey) in the midluteal phase of the previous cycle until the day of hCG administration. After the satisfactory pituitary desensitization was achieved (serum E2 level<50 pg/ml, endometrial thickness <5 mm, serum LH levels <5 IU/ml), GnRH agonist dose was reduced to half and recombinant FSH (Gonal-F; Merck Serono, Istanbul, Turkey or Puregon, Organon, Istanbul, Turkey) administration was started according to the patient's age, baseline serum FSH concentration on day 3, and body mass index (BMI). Adjustment of gonadotropin doses was done according to the ovarian response monitored by serial E2 measurements and transvaginal ultrasonography. Recombinant hCG (250 μg sc., Ovitrelle, Serono, Istanbul, Turkey) was administered when at least three follicles showed a mean diameter of 18 mm, and oocyte retrieval was done 36 h after the hCG injection by the guidance of transvaginal ultrasonography, and ICSI was used for all IVF-ET patients. Fresh single-embryo transfers performed on day 3 to all women [14] . Luteal support was given by vaginal progesterone (Crinone 8 % gel, Serono, Istanbul), and supplementation was started on hCG administration day [15] . Pregnancy was determined by βhCG levels in blood tests performed 14 days after embryo transfer, and clinical pregnancy was defined as the presence of a gestational sac with accompanying fetal heartbeat.
Collection of blood serum and follicular fluid samples Follicular fluid was collected from the first follicle entered which is ≥18 mm in size and from which an oocyte was retrieved. Flushing was not performed. Samples contaminated with blood were excluded. Blood and FF samples of 81 patients were centrifuged for 15 min at 3000 rpm on the day of follicle puncture and stored at −80°C during 5 months for subsequent analysis. Each sample was masked to be analyzed blindly.
Amyloid A assay in serum and follicular fluid AA levels in serum and FF were measured with Serum Amyloid A (SAA), Human, ELISA Kit (Cloud-Clone Corp, USA) used for the quantitative detection of AA in serum, plasma, and other biological fluids. Detection range of the kit ranged between 0.312 and 20 ng/ml, with a sensitivity of 0.125 ng/ml. The calculated overall intraassay and interassay coefficient of variation was <10 and <12 %, respectively. The ELISA assay was performed according to the manufacturer's protocol and guideline.
Outcome measures
The primary outcome measures were serum and FF AA protein levels. The secondary outcome measures included number of mature oocytes, fertilization rate, embryo quality, the clinical pregnancy, and live birth rates.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics Software (15.0, SPSS Inc., Chicago, IL, USA). Shapiro-Wilk test was used to test the distribution of variables. Continuous variables were presented as mean±standard deviation values and compared using the independent samples t test and Mann-Whitney U test. Categorical variables were compared with Fisher's exact or Pearson chi-squared tests when available. Whether the potential risk factors have statistically significant affect on clinical pregnancy or not was evaluated by univariate logistic regression analyses. Odds ratios and 95 % confidence intervals for each independent variable were also calculated. Statistical significance was assumed with a probability of 0.05.
Results
No difference was found between the two groups regarding age, BMI, and basal hormonal profile. Duration of stimulation and total dose of gonadotropins used were similar in both groups (p > 0.05). Serum E2 level on the day of hCG (2849.93±541.54 vs. 2494.28±712) and total number of retrieved oocytes (13.73±3.57 vs. 10.53±4.07) were significantly higher in group I when compared to group II (p<0.05). However, number of mature oocytes, fertilization rate, and clinical pregnancy rate did not differ (p>0.05). No significant difference was found between the two groups regarding the serum and FF AA protein levels on the day of oocyte retrieval (p>0.05). Although there was no difference between the two groups regarding leukocyte count, neutrophil count (NC), neutrophil/leukocyte (N/L) ratio, and hs-CRP were significantly higher in group I than group II (p<0.05) ( Table 1 ). There was no difference between the two groups regarding perinatal outcomes (p>0.05) ( Table 2) .
When we performed univariate logistic regression analysis, PCOS, age, BMI, day 3 FSH levels, embryo quality, number of transferred embryos, and serum AA protein levels do not affect on clinical pregnancy (p>0.05). But, we found that each 1 ng/ml decrease of FF AA protein levels increases the likelihood of clinical pregnancy as 1.479 times [(95 % CI) 1.479 (1.056-2.070)] (p=0.023) ( Table 3) .
Discussion
This is the first study in the literature studying both serum and FF levels of AA in lean PCOS patient undergoing controlled ovarian hyperstimulation. The results revealed no significant difference between PCOS and control groups regarding both the serum and FF AA protein levels. Although E2 levels on the hCG day and number of retrieved oocytes were significantly higher in the PCOS group, no difference was found between fertilization or clinical pregnancy rates. Neutrophil count, neutrophil/leukocyte ratio, and hs-CRP levels were found to be significantly higher in the PCOS group, indicating the inflammatory nature of the PCOS.
Polycystic ovary syndrome is associated with multiple metabolic abnormalities. Approximately 50 % of PCOS patients fulfill the criteria for having metabolic syndrome [16] [17] [18] . Patients usually have central obesity, insulin resistance, dyslipidemia, inflammation, and risk of type 2 diabetes [10, 19] . Fat accumulation on the trunk and in visceral depots has been reported in women with PCOS regardless of BMI [20] . The visceral adipocytes exert these effects in a paracrine and endocrine manner via the secretion of adipokines into the circulation, many of which increase inflammation [4, 6] . The link between inflammation and metabolic disorders was first recognized by Hotamisligil et al. who demonstrated that adipocytes express the pro-inflammatory cytokine TNF-α and TNF-α expression is markedly increased in adipocytes of obese mice [21] . Besides TNF-α, several other cytokines, like IL-6, was found to be secreted from adipose tissue [22] . Serum AA protein is another acute phase protein which is thought to be more specific to PCOS-related inflammation [23] . Serum AA protein is produced by the liver in response to inflammatory stimuli [24] . However, in the non-acute phase, adipose tissue may be the major source of serum AA protein [25] , and serum AA messenger RNA (mRNA) expression is markedly higher in hypertrophic adipocytes [26] . Serum AA protein has been implicated in inflammation, insulin resistance, and atherosclerosis [4] . However, there are limited studies in the literature regarding the relationship between serum AA protein and PCOS revealing conflicting results [1] . Tan et al. reported that PCOS patients (mean BMI of patients >30 kg/m 2 ) had approximately twofold elevation in the serum AA protein levels when compared to age, BMI, and waist hip circumference (WHR) matched controls. Both subcuteneous and omental adipose tissues from the PCOS patients had approximately twofold elevation in AA mRNA expression as compared to control subjects, suggesting that the adipose tissue in PCOS patients may be the primary source of increased inflammation [2] . In other study by Blair et al., serum AA protein was found to be increased in the PCOS women, when matched with control women for BMI and IR and that this increase was independent of changes to other inflammatory markers, including hs-CRP, myeloperoxidase, and neopterin [13] . The results of the study by Gidwani et al. [12] also support the previous reports, demonstrating increased levels of serum AA protein in obese PCOS patients. On the other hand, Manneras-Holm reported that serum AA protein levels did not differ between 31 mildly overweight PCOS (BMI=24.8±4.8 kg/m 2 ) and 31 weight-matched controls [1] .
There is limited data about the role of AA protein in ovarian physiology. Urieli-Shoval et al. [23] studied follicular fluid and serum levels of AA protein in IVF patients. They found a strong correlation between serum and FF levels and also reported a significant association between BMI and serum AA protein concentrations, that is higher levels associated with increased BMI. Besides obesity, controlled ovarian hyperstimulation, which induces a pro-inflammatory state [27] , was indicated as second reason of elevated levels of serum AA protein [23] . In our study, although not statistically significant, both the levels of FF and serum AA protein levels of nonobese PCOS group revealed higher levels than control group. They also showed reduced pregnancy rates in elevated serum AA protein group when compared to normal levels (43 vs. OR odds ratio, CI confidence interval a The effects of each 1 ng/ml decrease in AA protein levels 18.8 %). On the other hand, we could not demonstrate such a result. The role of AA protein in modulation of cholesterol metabolism and transport, thereby influencing ovarian steroidogenesis, may explain this relation in a sense [4, 28] . There are a lot of studies in the literature researching a relationship between PCOS and inflammatory markers. While some investigators demonstrated significant elevations in NC, WBC count, or hs-CRP [11, 29] , others could not find increased inflammatory markers in PCOS patients undergoing IVF [30] [31] [32] . In our study, we demonstrated a significant difference between PCOS and control group regarding NC, neutrophil/leukocyte ratio, and also hs-CRP levels.
In conclusion, we could not demonstrate between the study and the control groups regarding serum and FF AA levels and also the relation between AA and good ovarian response (number of retrieved oocytes, E2 levels on hCG day) or clinical pregnancy rates. Further studies in a larger series are needed to determine this relation.
